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6. ACCIDENT ANALYSIS 

This chapter presents the methodology and results of the accident analyses for the Building 707 

l)econimissioniiig Basis fur lnterirn Operutinn (D310) activities. The spectrum of accidents 

evaluated range from low consequence accidents that are anticipated to occur during the lifetime 

of the facility to accidents with possibly lower frequencies and greater consequences. By 

identifying high consequence as well as high frequency accidents, the hazards and accident 

analyses provide essential risk management infoimation to facility management. 

The postulated spectrum of accidcnts was grouped by type (Le., fire, explosion. loss of 

coiifiiieinentlcontainment . inadvertent nuclear cl-iticali ty. External Events (EEs), and na turd1 

phenomena). A range of accidents within each typc was selected to represent not only the 

risk-dominant accident. but also othcr accideiits that may require unique controls to ensiirc 

adequate protection against the occurrence of the accident and!or its potential consequences. 

Froin the spectrum of accidents selected within each accident type, a set of operational controls 

was derived, thereby establishing the technical basis for Technical Safety Requirements (TSRs), 

the safcty functions of stmctures. systems, and components (SSCs), and administrativc and 

programmatic controls. 

The basic methodology applied lo the Building 707 DBlU analyses, regarding the Worker and 

the Public, relies on the Building 707 Pr.elivtiinai3~ Ifazan-Es Anulj)sis (PHA) (Ref. 6- 11, as 

described in Chapter 5.  The Sife Preliminmy Huztrrds Am+sis (Rcf. 6-2) addresses the 

Immediate Worker and the role of the Safely Management Programs in protecting tlie Immediate 

Worker under both, operational and accident situations. 

The accident analysis process uses the results of the PHA to further analyze the scenarios of 

concern in a more formal, quantitative approach consistent with tlie methods described in the 

Sufe~j, Analysis arid Risk Assessnteizf Wimdhook ( S A I U H )  (Ref. 6-3). The application of the 

hazards and accident analysis methodologies ultimately produces a set of risk-dominant. or 
othcrwise unique, accident scenarios. Accidcnt scenarios that were evaluated to have unique 

control requirements were included in the set of selected accidcnts, regardless of whether thcy 

u7erc considcred lxmidin~ or risk-dominant. The nietliodologies also identify the controls 

ncedcd to maintain the potential effects or consequences of the selected accidents to the Public. 
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Workcrs, and environment within established DOE evaluation guidelines (as specified in 

DUE-S‘X’II-30 1 1 -94. ChdidUJlCejOT PI’C~ztc~TUliO?~ o ~ I X K  j-MO.22 VSR) U r d  DOE 5480.23 GStIIi) 

!$ I Irnplernenlatinn Piztcins. (Rcf. 6-4) and modified by DOE-RFFO (Ref. 6-1 8). 
rL 

6.1 ACCIDENT ANALYSIS METHODOLOGY 

Hazards. as defined in SAWAH, are any scwrcc of danger (Le., material. energy source, or 

operation) with thc potential to cause illness, injury, or death to j?ersonnel or damage to the 

fiicility or the environment. Acciclciits, also defined in SARAH, are events or sequences of 

events that involve these tmard sources. 

The iiiethodologies described in the following sections were used to perforni the following: 

identify possiblc accideiit scenarios that could result from the activities and involve the 
id eiit i fied hazards. 

Determine the risk levels and classiiicatioiis of the postulated scenarios. 

Analyze the postulated accident sceimios and their associated risk levels to select a 
representative sei or bouiidiiig, risk-dominant, or otherwise significant scenarios that will 
encompass all identified DBIO activities and hazards. 

Group the selected representative accident sceiiarios to facilitate control set selection. 

Develop the analytical basis for deriving a set of controls to effectively niaiiage the identified 
facility hazards and pustulated events. and to establish and maintain a safety envelope for 
facility operations. 

6.1.1 Scenario Selection 

The PHA identified cight doininant accidents that required further evaluation (refer to Table 

6.7 ..5-1 of this chapter). In order to analyzc thc dominant accidents in more depth, additioiial 

organization (or sorting) was required. Events were first sorted by event categories. ‘The major 

sveni categories are operational accidents (caused by facility conditions or operations). External 

Events (caused by activities outside the facility that may or may not he related to facility 

operations), and natural pheiionieiia hazard cvents (acts of nature). Operational accidents were 

hrther subdivided into tires, spills (loss of confinemeiit/coTitainment), explosions, aiid criticality. 
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Bouiidiiig events within categories were identified and less signjfjcant events grouped under 

them. 

6.1.2 Frequency Evaluation 

The frequency of each postulated accident eventiscenario was estimated qualitatively, without 

consideration or credit for preventive controls. To assisr in making the frequency estimations, 

fai ture ratt: data specified in S A R A H ,  historical event data, engineering judgment, 

DOE-STD-3009-94. t3.epamtiorz Guide jur I/: S. DOE iVanr.e/nctar A'uclear Fuciiity S&ty 

.4ntr/'~sis Reports (Ref: 6-5), and other sources of infbrniation werc used as appropriate. For 

nattural phenomena events, frequency of occurrence was based on guidaiicc and information 

fouiid in Referenccs 6-6 through 6-1 0. 

DOE-STD-3011-94, Ckitlume far. Prq?ar.afion of DOE 5480.22 (TSR) anti DOE 5480.23 (sill?) 

Irnplcrnenmiuur Plrins (Ref. 6-4) provides guidance for frequency determination within BIOS. In 

accordance with this standard, events inore frequent than 1 .OE-2!'>1. are called A A m x A m ) ,  those 

between 1.OE-4 and 1.OE-2/yr are called I IM./KELY,  and those less fiequent than I .OE-4/yr are 

deeined EX~WMELY ~ ~ V L I K E L Y .  Siininiary descriptions of these three frequency classes are 

comparable to those delineated in DOE-STD-3009-94 (Ref. 6-5)? and are presented in 

Table 6.1.1-1. 

TABLE 6.1.1 -1. QUALITATIVE FREQUENCY CLASS1 FJCATION 

,f 1.OE-4 

Incidents that may occur several times dmng 
the Lifetime of the facility. 

Accidents that are not anticipated to occur 
during the lifetime of the facility. Natural 
phenomena such as a Uniform Building Code 
(tJHC) --level earthquake. 100-year flood, 
nraximum wind gusts. and so fm-th are included 
111 this class. 

Accidents that will probdbly not occur during 
the life cycle ofthe fticility. This includes 
design basis accidents. 
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Buiiding 70?!'?O7R DBIO Chapter 6: Accident Analysis 

As previously stated. frequency estimates were primarily qualitatively derived. Therefixe. to 

ensure appropriate conservatism in the estimates. where sufficient qualitative argunients for 

lower frequencies could not be made for a specific event, the event was classified as 

,4:17/c'lP4 TED. 

6.1.3 Consequence Evaluation 

For the hazard analysis, clieniical and radiological consequences were calculated for each of the 

potential receptors/populations oi'conccrn, as specitkd by S A l I A H  and in accordance with DOE 

guidance: 

e Public - Per SAR4H, the shortest possible distance from the center of Building 707 to the 
Site boundary for non-lofted plumes is 1,925 ni. For loRed plumes. a distance of 1.925 m for 
sinall fires, 3,950 m for medium fires, and 4,200 ni fbr large fires u7as used. 

8 Worker - SARAH suggests using 100 in for this receptor. 

Immediate Worker - This refers to the worker wlio could be located immediately adjacent to 
the release location or mywhere within the Building 707 Coniples. 

With respect to addressing tkc environnient as a receptor, any control set developed to 
protcct the Public and the Worker will also provide a degree of protection to enviromncntal 
rcceptors from postulatcd accidental releases. In addition, protection ofthe eiivironnieiit is 
ensured in daily operations by implementation of the safety management program (SIvlPs) 
for Euvironnientd itlcmcjgenzent, Emergency Prqmredmss. and V7a.ste !ldamgement. 

For determining numerical values for conseyuenccs in a Iiazards analysis, DO E-S'TD-3OO'>-9.1 

(lW. 6-5} states that the use of complex models or computer codes is considered unitecessary 

and inappropriate. In fact, the standard suggests the use of "back-of-the-envelope" calculations 

as acceptable. However, numeric radiological dose consequence values were calculated using 

the Radiological Dose Tivrzphfe (XZAI)lC)OSE, Ref. 6-1 I). details of which are described in 

SARAH. These values were used in determining radiological consequence to the Public and the 

Worher for the Building 707 Complex postulated accidents. Conscqucnce levels are correlated 

to doses according to the values in the matrix sliown in Table 6. I .  1-2. These values are based on 

? 1 guidance proitidcd by DOE-RFFO (Ref. 6-1 S}. 2 ;  

Revision 3 6-3 hfoveniber 2 I .  2002 
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TABLE 6.1.1-2. IKADIOI~OGICAL EVENT CONSEQUENCE [LEVELS 

6.1.4 Risk Classification 

Oncc the frequency classzs and consequence levels were determined for each accident scenario, 

the combined frcqucncy classeskonsequence levcls were tabulated in a risk matrix, as illustrated 

in ‘Table 6 .1  .1-3. The completed matrix was then used to prioritize the accident scenarios as a 

geiieral guideline to determine the acceptability of risk and to select those accident scenarios 

requiring further analysis. As sliown in the table. this DBIO classified each accident scenario, as 

defined in DOE-STD-30 I 1-94. as CLASS I (major.), Cfxss 11 (~e7~iou,s.S), CLAS 111 (mcrr,i7ial), or 

C,Li.ss IV (Megligible) risks. Per DOE-STD-3011-94 evaluation guidelines, thc risk associated 

with a CLASS 111 or CLASS IF’ scenario does not require additional controls. although further 

mitigation may be specified as rlefeiise-iii-deptli. Accidents resulting in Cf-.ds:s I or CL~SSII  risk 

cwrc evaluated to determine if any preveiitivc or mitigative features exist that would reduce the 

risk to CLASS 111 or CLASSIIT’. The specifically credited (balded within the scenario discussion in 

the C ’ontrol Set and defense-in-depth subsections) and defense-in-depth features were then noted 

for devclopnieiit of tlie control set in the TSRs. 

TABLE 6.1.1-3. RISK CLASSIFICATION 

11 I T 
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For scenarios that are C'/,n,ss 1 or C ' L / I S S I I I . ~ ~ ~ ,  and where no additional preventive or mitigative 

controls were identified to reduce the risk to C I A W I I I ~ ~  CLASS~V,  controls that reduce the risk 

(but do not necessarily change the risk to Cti~.sl11 or CL.ASS W )  were identified for inclusion iii 

the TSRs. For these scenarios, the risk class is stated as part of a risk comniunicatio-n process to 

ensure that the DOE is cognizant of facility risks through approval of this DBTO. 

6.1.5 Selection of Coutrols 

The accident analyses only address those dominant accident scenarios cairied foxward from the 

PHA hazards evaluation. The accident analysis process (depicted in Figure 6-1) used to further 

cvaluate and screen those scenarios is siinmiarized here. 

The results of the €'HA were documented in PT-IA Table 6.0-1 in terms of "doniinaiit" accident 

scenarios, ~ h i c h  included those scenarios resulting in CLAS.S I or C/,ASS // risk, as well as other 

sccnarios of concern (e.g., because of iinique initial conditions or progression or significant 

consequences to the Worker). The accidents from the PHA that were CLissIor CI,ASS Unsk are 

identified in Table 6.1 5 1 .  

TABLE 6.1.5-1. SUR;ZMARY OF PHA HAZARDS EVALUATION AND 
DOMINANT ACCIDENT SELECTXOE 

//Small Fire -- Small Fire in Building 1 70?-D&D-i 11 
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Detailed analyses were pcrfonned for the dominant accident scenarios by first evaluating a11 

unniidgatecliunprcvcnted condition in which no credit was taken for existing engineered safety 

features (ESFs) or Administrative Controls (ACs). The analyses of unmitigated scenaxios were 

carried forward from the PHA. For accidents with unacceptably high risk, appropriate controls 

werc applied (i.e., mitigative and/or preventive) to reduce the risk. From this analysis, the 

appropriate reductions in frequcncy or consequence, and thus the risk category, were determined. 

As illustrated in Figure 6- 1, the scenario selection and development process underwent scveral 
iterations during docuncnt preparation and review to ensure the selection of a complete 
spectrum of accidents suitable for defining fxility-level controls. The selection process included 
the following key elcments: 

Completeness. Beginning with the PHA and continuing through the preparation and revicw 

process. the analysts sought oul hazards or candidate scenarios that may have been overlooked. 

Thesc were examined, and the analyzed scenarios were updated, when appropriate, to ensure 

that a broad spectrum of events was represented in the accident analysis. 

0 Siinplification. Variations on the sat-iie sccnario ( e g ,  small fires in different locations froin 

varioiis activities) were combined into generalized scenarios as long as the resulting con tmls 

were the same. The resulting analyses are more coinpact and avoid the incorporation of 

distinctions that are insignificant to safe building management. 

8 Contrd Orientation. Variations on the same scenario were included when they had clear 

iniplications for fkcihty level controls [e.g., fires with and without suppression or ventilation, 

HEPA filtration coverage]. Such implications affect both the adequacy of the cantrnl set and 

the coininuiiicatioii of significant considerations for safe building management. 

Revision 4 Febniary I ,  2002 
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Throughout the selection and development process. preventive and niitigative SSCs, and 

pertinent elemenrs of programmatic controls were identified. 'This process established functional 

requirements for SSCs. Chapter 2 of this DBIO provides a sumnary description of facility 

systems and components b t  may be safety-related SSCs. Functional criteria are provided in the 

representative Technical Safety Requirement (TSR) section. The information obtained through 

the hazards evaluation identified controls required KO protect the Public and the IVorker, and 

provides overall defense-in-depth. 

Similarly, numerous controls are generically acknowledged to enhance safety, Thcse controls 

are protected through thc Safety Management Programs (SMPs). These generical l y credited 

controls address broader elements of the safety foundation that cmiot be practically derived on a 

scenario-specific basis. They are generally administered on a Site tevel, then implemented 

accordingly for individual facilities. The SMPs for the Building 707 Coniplex are presented in 

Chapter 3 of this I3HIO. 

e Control Set Identii"xcation/Selection provides zhe eiiginecred andor administrative controls 
specifically creditcd with rcducing the risk k e . ,  frequency and consequence) of the analyzed 
accident scenarios determined to he Risk C/..WS I or CLLW 11, The method of control set 
selection to reduce risk (i.e., Risk Cr,~~.w111 or Clt,dSSIT') is based on the guidance provided by 
DOE-RFFO (Ref. 6- I 8). 'These specifically credited preventive and mitigative engineered 
dcsign features (DFs) and ACs define the safe operating parameters for the facility and its 
operations. and are further specified in the TSRs. A graded approach was used 
coninicnsusate with the facility closure mission as described below. 

E'reventive controls are selected to reduce fiequency. Mitigative coiitrols are selected to 
reduce consequences. The following describes the control set identi~cation/selection 
process: 

+ The methodology described in I)O€-STD-3009-94. Appendix A (as modified by DOE- 
RFFO (Ref. 6-1 X)), was utilized to identify Safety Class SSCk Safety Class SSCs are 
those required to reduce the Public dose to less than 5.0 rem. 

+ For each accident. SSCs requircd to achieve Risk CLASS / / I  or  CLASS^^ for the Public 
(andlor the Workcr wcre designated as Safety Significant. A goal was set f'or two 
ad& tional defense-in-depth controls for each scenario after application of credited 
systems and programs to complete the Safety Significant control set. 

6-9 November 21, 2002 
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+ ldentify any available and viable passive (preferred) or active engineered control(s) that 
could help to prcvcnt the accident, thereby reducing the frequency and, concurrently, the 
risk of tlie scenario. If the engineered control(s) identified to reduce frequency are 
insufficient to rcducc the risk of the scenario (i.e., Risk CLixsIIIor CLASS Tu, additional 
controls must bc identified. 

+ Identify any available and viable ACs that could help to preveiit tlie accident, thereby 
recliiciiig thc frequency and, concurrently, the risk of the scenario (Le., Risk CLASS [TI or 
CLAXSIP'). If tlic control(s) identified to reduce frequency are insiifficient to reduce the 
risk of tlic scenario (Le.. Risk CLASSIII or I:lr,~.sslP). additional controls must be 
ideiitifkd. 

+ Identify any available and viable passive (preferred) or active engineered control(s) that 
could help to mitigate the effects of the accident, thereby reducing the consequence and. 
concurrently, the risk of the scenario fix., Risk C'LAS.~ III or CLASS If?. If the control(s) 
identified to reduce frequency and the engineered coiitrol(s) identified to reduce 
consequence are insufficient to reduce the risk of thc scenario f ix , ,  Risk CLASS III or 
C u s s  TV) ,  additional controls must be identified. 

+ Identify any available and viable ACs that could reduce the consequences ofthe event 
and, concurrently, the risk of the scenario (ie., Risk CI,A,SSH/ or c1~.4sslt3. 

+ Identify the controls with the highest reliability. 

4 Identify the controls closest to the hazard. 

In addition to the above guidance, the followiiig additional principles are also applied during 
the control set ideiitificationiselection process: 

+ The control set i(3enti~cationiselection process is applied first to the Public and then to 
the Worker. Because the risk to each of the potential receptors may be different, different 
controls may be required to reduce that risk. That is, coiitrols selected for the Public xe 
not necessarily credited for the Worker (and vice versa). 
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+ Preveiitivc controls identified for any receptor are applicable to all receptors, because the 
frequency of an accident is the same regardless of the potential receptors. Howcver, 
lzecause the receptors are evaluated in sequence { i c .  first the Public and then the 
Worlizr). some preventive control( s> may not be identified immediately. Most 
commonly, this is becausc the risk to the Public, without crediting any controls (e.g,, a 
L o w  consequence witliout crcditing any controls for the Public), results in an unmitigated 
CLAYY 111 risk. In sucli instances, the contds  identified for the Worker are not applicd to 
the Public. JIowever, controls credited for the Workcr are considered defense-in-depth 
controls for the Public. 

+ Mi tigativc controls are identified and selected as applicable to each receptor iiidividual1y 
for the accident of concern, and are not necessarily duplicated as credited or defense-in- 
depth control(s) for tlie other receptors. It is acknowledged that any mitigative control 
credited for a given receptor results in a reduced consequence to all receptors. 

+ Selected-engineered controls, with surveillance reyuirenieiits, and proceduralized human 
actions (i.e.. ACs) are creditcd in the scenario in accordance with SARAH guidelines, 
ACs are assumed to reduce scenario frequency by a factor of 10 (i.e., 1 E-1); engineered 
controls with suweillance requirements, by a factor of 100 (i'e., 1E-2). These safety 
fcatlrres credited to reduce risk provide a basis for developing TSRs for building 
activities, as well as establishing thc safety functions of SSCs and adniir?istrative and 
programmatic controls. 

+ Scenarios, which are Class I11 and Class TV, risk categories without controls are not 
assigned credited controls. Nevei-tlieless, ad& tional coiitrois providing further risk 
reduction are specified where practical as defense-in-depth. Defense-in-depth controls 
are also idcntified as described above. A41thoug1i not specifically credi led, defense-in- 
depth controls are also included in the T S b .  

'The detailed cmadyses take credit for the identified controls in one of two ways: {I) the controls 

are assumed to function as intended, thereby rcducing the consequence; or { 2 )  tlie probability of 

the controls failing concumiit with 

Either approach constitutes "credit" for the control; therefore. a safety SSC or TSR designation is 

rcquircd. Those safety features that are credited to reduce risk provide a basis for the 

devclopment of TSRs; the credited applications establish the safety fknctions of SSCs and 

administrative and programmatic controls. 

accident is hrtlier creditcd as a reduction in frequcncy, 
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In the analysis, certain I>Fs are generically credited as an assuincd initial condition. Credited 

DFs include passive cleiiiciits of the facility structure that provide the passive confinement 

boiindary (e.g., walls, floors, and ceilings) and primary containmelit boundaries (e.g., storage 

drums and other Pu material packages). Generic crcditiiig of these important passive features is 

determined (bascd on engineering judgment) to protect initial assuniptioiis and to focus on 

consideration of additional requircd controls. For instcmce. the passive confinement boundary is 

a prercquisitc for forced ventilation through HEPA filters. Matcrial packaging affords a passive 

primary boundary that serves both to reduce the fiequeiicy of releases and to mitigate releases 

that may occur (Le., packaging affects applicable airborne respirable release fractions). Both of 

these geiierically credited passive l1Fs are included as required DFs in the TSRs. 

Iyor some of the acdcnts,  assumed initial conditions wcre built into the sceiiario development 

(e.g.. OSHA work rcquircnients that are designed to protcct Immediate Worker safety). 

Scenario-specific assumptions were also made, as identified within cadi accident scenario 

subsection. Additioml assumptions were also generically applied as outlined in Section 6.2 

below. 

6.2 A4CCIDENT ANALYSIS 

Tl1c analysis of tlie hazards carried forward from the PHA (and summarized in Chapter 5) is 

documented in this chapter of the DBIO. Bounding or otherwise unique scenarios were selected 

from the follo~ing PHA operational accident categories or types: 

The selected bounding scenarios were generdly those with tlie largest Marerial At Risk (MAR) 

and/or those that resulted in the greatest consequence or potential risk. The specific details of the 

analysis are provided in CAI,C-707-01.1 OS 1 -SWF (lief. 6- 1 2). 
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A sufficient number of events were identified IO ensure that 1he selected bounding scenarios 

addressed a spectrum of liigh-frequency!low-consequence and lo~I-freqiiency/iii~-consequence 

events. In addition, analyses of similar scenarios in differing locations were performed to 

account for differeiices in operational configuration (e.g., not all areas are equipped with I-XEPA 

f i l  tration) or material form. 

The spectixiin of scenarios encompassed by each bounding accident provides an adequate basis 

from which to evaluate the risk from different initiators and to identify appropriate controls. 

Deactivation and Decommissioning (D&D) scenarios were evaluatcd with MAR based on waste 

container or material holdup informatioil. As the facility moved from Trdnsition to Cbsure, the 

MAR in the f~cility was reduced lo the point wherc thc Material Access Area (ML4A) and 

Protected Area (PA) have been closed. Radiological holdup measurements provided the data 

which fornis tlie basis of tlie MAR involved in many of tlie accidents analyzed. 

MODE LIN c; Ass ti MPTX ON s 

1. The Public, or maximum oi'f'site individual (MOT), is assumed to be located at 1,925 meters 
fi-om the accident location for Building 707, and at 1.980 meters for Building 778, according 
to S A R A H  (Kef. 6-3). It is noted that there is a new wildlife preserve located closer tlian 
1,975 meters; however, the Site's Emergency Plans have provisions to protect mcmbers of 
the Public cnteriiig the area. 

2. The Worker is assumed to be located I00 meters from lhe accident locatioii for calculation 
p~rposes. DOE-STD-3011-94 (Ref. 6-4) suggests (but does not require) using 600 meters. 
However, SARAH recommends using 100 meters, since the Site is relatively compact. Use 
of the shorter distance is conservative. since it yields higher consequence predictions. 

3. The dispersion fxtor for the Worker and the Public is based on meteorological conditions 
and release duration. The predoniinantly used meteorological condition in the analysis is the 
95th percentile condition which represents realistic worst-case weather conditions and 
corresponds to low wind conditions that niiiiimize plunie dispersion resulting in a 
conseilrative inwinitmi dose to the receptor. Tiie predominantly used release durations are 
10, 15, 30, and 60 minutes with the slioi3er release durations yielding the most conservative 
results. 

4. 'I'lie dose conversion factors are based on the values in ICRP-65. These have been 
incorporated as options in MDlDOSE Version 1.4 (Ref. 6-1 1). Previously, the dose 
coixversion factors were based on LCRP-30. The correlation is tkat ICRP-68 "Fast" is 
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analogous to LCRP-30 "D", ICRP-68 "Moderate" is analogous to JCRP-30 "W", and ICW-68 
"Slow" is analogous to ICRP-30 "Y." Within each ICW-68 definition, there is a further 
distinction betwecn dose conversion fidctors for cases that credit HEPA filtration and for 
cases that do not credit HEPA filtration. The distinction is made to account for the 
probability that filters will capture larger panicles while smaller particles may still pass 
througlz. 

5. The specific dose conversion fbctors are a function of the material form (e.g., aged WG Pu) 
and thc solubility class. The dose conversion !&tors chosen for modeling are specified in the 
scenario discussions provided in the appendices o f  the calculation (Ref. 6-1 2). With the 
cxccption of radioactive metals, oxide powders, and surface contamination, which are 
classificd as ICRP-68 "Slow", other materials are classified as ICRP-68 "Moderate" 
(Solubility Class W using ICRP-30). This includes Transuranic (TRU) waste. 

6. The building ambient leakpath factor (LPF) provides an estimate of the amount of material 
that could leave a building if forced ventilation was unavailable. For scenarios inside 
Building 707/70714 that do not credit active HEPA filtration and u711ich do not result in 
structural damage to the IxiiIding, an LPF of 0.1 is assrimed to be available. 

7. TIie breatliing rate (BR) for heavy activity (i.e., 3.6E-4 m'/sec.) is used for all cases to eiisure 
coiiservative niaxiinuin dose values. The heavy activity BR ~ 7 a s  derived from RADIDOSE 
( Ref. 6- 1 1 ) and is rcpreseiitative of a BR associated with continuous running. For the 
Worker. the types of activities perfornied may require significant exertion (e.g., running) to 
coinply with the emergency response procedures. On the other hand, the Public will 
probably be performing activities requiring less exertion. Therefore, the use ofthe heavy RR 
for thc Public is conservative. 

8. 'The MAR values cited in this calculatioii arc all in terms of equivalent g rms  of aged 
weapons-grade ( WG) Pu oxide, unless otherwise noted. The cited values incorporate factors 
that account for potential inventories of americium (Ani). MAR is developed conservatively 
with the expectation that there will be some uncertainty in actual nieasured values. Holdup 
values, that are measured, cimently involve the largest uncertainties. Due to previous duct 
remediation and Deactivation activities, MAR for recovered dispersible plutonium powders 
is assumed to be one kilograni per 8801 can temporarily stored in gloveboxes or two 
kilograms per IO-gallon drum instead of reliance on CSOLs. 

9. Radiological waste stored on the grounds outside oPBujldings 707/707A and 778 is analyxd 
by the Site S A R .  

I 0. Unless otherwise specified, tlie accidents are not postulated to result in collateral daniage. 
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I 1. Passive-design confinenient structures (e.g., buildings) were iniplicitly credited to maintain 
contained configurations of the materials. Drums were also credited as providing a passive 
confinement function so those scenarios occwring \;vi thin drums were modeled as “confined” 
materials. Building structural integrity was also credited, as appropriate. to establish the 
appropriate leak path fkctors or to bound the estimated dcarnage caused by the scenario being 
cvaltluated, ‘The Building 707 Fire I-Iazards Analysis (Kef, 6-13) states that the exterior ivlills 
art: credited with at least a 90-minute tire rating, so the fire scenarios are conservdttively 
modeled as a non-lofted plume because the plume will still be confined within the building. 

j 3 

12. In the majority of cases, the default parameters for the airbornc release fraction (ARF) and 
respirable fraction (RF). speciiied by RAP)IIX>SI-: (Ref. 6-1 I), are selected unless otherwise 
directed by information in SARAH or DOE-E-II’>€K-30 1 0-94. Airborne Release 
I=~.clc~i~im/R~~/es trnd Respirabke Frcrctioris for Nmreactor lVticlear Facilities (Ref. 6- 14 ). 

P I  

4 1 
z i  

13. In some cases, the consequence evaluation could not be directly performed because the 
nilitcrial involved was in different forms. For instance, an accident could involve surface 
contamination as well as powdered material. The ARF and RF are dependent not only on the 
form of the material but also the release mechanism (e.g.. cxplosion, spill. and so forth). In 
these cases, separate evaluations are conducted using the appropriate DR, ARF, and RF: with 
the total dose being the sum ofthe individual doses. 

CONTROL SET SELECTION ASSUMPTI~M 

1. The Zone I and Zone 11 ventilation systems arc equipped with four and two stages of HEPA 
filters, respectively. Of these, one stage is credited in thc accident analysis. Thc HEPA 
filters are tested to demonstrate a 99.9% tiltration cf‘ficiency. EIowever, for most of the 
analyses. only a 90% dose reduction factor is credited. Discussion within each of the 
analyzed scenarios will address the creditcd efficiency. 

2. I-listoricdly, t ~ v o  zones of filtration have been specifically identified and credited in the 
accident analysis. Zone I/IA filtration covers inner confinements. such as gloveboxes and 
hoods and their associated glovebox exhaust ventilation plenums, and provides 
contamination coiitrol for the immediate worker. Zone 11 ventilation covers occupied areas 
in the building and has historically been credited as confinement for accident mitigation. 
Ilecommissioning activities that remove gloveboxes and hoods will leave Zone I/IA 
ventilation systems exposed to occupied areas such that they provide additional 
ventilationlfiltration to Zone I1 systems. ‘Therefore. neither zone of filtration is specifically 
credited with accident mitigation in the DBIU. Any forccd ventilation system niust be 
filtered and can provide the credited safety ftmction. 
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3. In accidents where an Ininiediate Workcr is present, the Immediate Worker is assumed to 
evacuate in an cniergeiicy responsc to the cvcnt; to notify others in the vicinity that may 
inadvertently or otherwise enter the affcctcd area; and to notify the Fire Department 
through use of the fire phone. or standard phone, as appropriate. The Worker is assimed to 
evaciiate affected areas based on notification by others. the Life SafetyiDisastcr Warning 
Systeni (I-SD\V'). and/or Continuous Air MonitorslSclective Alpha Air Monitors (CAMS)/ 
SAAMs or other alarms, as applicable. 

4. SMPs provide Immediate Worker controls and guidelines, via management and 
maintenance of the programs, governed by Site programs and documents. 

S . Qpemtors and maintenance personnel are properly trained to conduct authorized activities 
(e.g., training in proper inspection methods. emergency response, and so forth), 

6. Worlc activities are conducted in accordance with the Radiation Protectioii Program and 
Radiological Work Permit (RWP) requirements for PPE (personal protective equipment), 
particularly where a Worker has a high probability of direct radiological contamination 
(e.&., clmm opeiiiag activities). 

7. Immediate Workers are properly trained in work control and conduct of operations 
procedures and in emergency responses to accident conditions. 

8. Inmediate Workers observe work control and conduct of operations procedures (e.g., 
handling and packaging procedures). 

0. Facility MAR continues to decrease as the facility is in full Closilre activities. 

Jn addition to the assumptions listed above, Table 6.2-1 lists the Building '?07/707L4 M . .  and 

the Building 77s MAR values used. MAR is developed for each specific accident scenario, 

based on the building MAR as appropriate. Accident specific MAR is developed in the PHA and 

presented in the accident specific descriptions that follow. 
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TABLE 6.2-1. SPECXFIC: ASSUh'IPTIONS APPLIED TO MAR ESTIMATES 

surface contaniiiiation. and 3 1 .2 kg fixed surface 
contamination) 

200 g holdup 
4 kg contained TRU in Components in-transit 

68 kg 

I 
i 

Building 778 I 4.2 kg 

'I'hc remainder of this section contains subsections for cach of the four operational accident 

categories listed in the begiiiiiing of Section 6.2 and the EEinatural phenomena that could impact 

Building 707. Within each category subsection are additional subsections-mie for each 

doininant accident scenario within the subject category. For each dominant accident scenario 

presented, a paragmph of the Scencti-io Description, Ac&ivilies, Asszmptions. arid A4uteriui trt Risk 

( M A R )  is provided to set up the scenario. Within tlie discussions, the dccidenf Freque~cy and 

ffccidcnf Consequences rrnrl Risk paragraphs present the estimated frequency, consequences. and 

risk. with no credit for preventive or mitigative controls other tliaii initial assumption. 

(e.g., worker training). Risk reduction, based on credited preventive and mitigative controls. is 

discussed in the CoTztroi Set paragraph. The credited controls are bolded within the scenario 

discussion in the Control Set and definse-in-cieptlz subsections. The Br-oizdwss discussion 

identifies otlier scenasios that are encompassed by tlie scenario under consideration. The 

summary table for each scenario discussion also presents the frequency, consequence, and risk 

class (with and without controls), and identi ties the preventive and mitigative coiitrols being 

creditcd, as well as additional defense-in-depth controls where applicable. 
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6.2.1 Fires 

The hazard analysis process identi tied numerous fire scenarios involving radioactive materials. 

This subsection presents analyses of four different scenarios that address fires of varying severity 

at differing locations or in differing activities within thc Building 707 Complex. As discusscd in 

SARAFI, there are four fire severity levels: Small. Medium, Large, and Major. The prima? 

discriminators used in differentiating the fires as evaluated for Building 707 were fire 

cJuration/sizc, RIIAR, consequence, and type of release (e.g., filtered or unfiltered). ‘The following 

four fire sccnarios were modeled, evaluated, and dcteiinined bounding for Building 707: 

6.2. I .  I SiLI,w- FIRE --- CONTAINER (707-D&D-1) 

6.2,1.2 MEDIUM FiRF --GI OVEBOX (707-D&D-3) 

I,ARCiE FIRE -- CONTAINER (707-D&n-5) 6.2.1.3 

6.2.1.4 MIXJOR FIRE MAJOR POOL FIRE (707-D&D-7~) 

6.2.1.1 

This scenario involves the release of radioactive material caused by a small fire (less than 1 MW) 

SMALL FIRE - CONTAINER (707-D&D-1) 

occurring outside a glovcbox in Building 707. Relevant details, assumptions, and parameters of 

the scenario are discussed in the following parayqhs and summarized ia ‘Table 6.2. I - 1 ~ .  

Scencivio Description 

This scenario postulates a small fire involving TRU waste witl.lin a non-standard wooden crate 

and six drums. Because of its size, the fire is considered inadequate to activate the Fire 

Suppression System. As postulated, the fire consumes the TRU waste and inteiiial plastic 

paclcaging. exposing the burning contents to the building atmosphere. Examples oi‘ the type and 

aniotmt of combustibles that may produce a 1-megawatt (Mtt’) fire include one galloil of 

flammable or combustible liquid or 27 cubic fcet (ft‘) of ordinary conibustibles. 

Revision 4 6-18 February 1,2002 



Building 707i707R DBIO Chapter 6:  Accident Analysis 

'I'he dominant cause or initiator for this scenario is sizc reduction activities or other ignition 

sources such as transportation equipment (e.g., forkIift fiel/oil fire), maintenance, or closure 

activities. However, other possible initiators include: exothennic chemical reactions from 

incompatible coiitaiiier contents; improper hot work: cyuipmenl malfunction (c.g., clectrical 

short, overheat) or iniproperly operated or degraded elcctrical equipment; power supplies; and 

electrical power cords. 

A ctil~ities 

A sinal1 container fire could be initiated by any of the following primary activities: 

1) Radioactive Waste Generation and Ilandling; 2) Decommissioning-Decont~mina~e, 

Dismantle, and Deomlish. 

Hazardous Material I-Tculdling is a secoadaiy activity that coidd also be an initiator. 

In addition to the generic assuniptions listed at the beginning of Section 6.2. the following 

additional asjumptiom wcrc also applied to this accident scenario: 

0 Using RADIDOSE (lief. 6-1 l), the scenario was modeled its a small, non-lofted fire 
involving confined materials. 

The fire is confined to the containers and does not breach adjacent sti-uctures or inventories. 

Release duration is 10 minutes, based on SARAH. 

'I'he MAR is assumed to bc one non-standard wooden waste crate, one closed TRU drum 
overpacked by 25'31, and five closed TRU drums at the nominal inventory. 

I>anage ratio (DR) is 20°/;, for closed containers and 100% for wooden or open containers. 

Mtiit.yii/l Ai Risk (hL4R) 

The contaiiiers (one non-standard wooden crate --- 500 g; one dium --- 250 g; and five d rum -- 

200 g each) contain 1.750 g of TRU waste. 

Accident I;i.eqzienq 

Without crediting prcvcntive controls, the frequency of a fire within these types of containers is 

estimated to be . A A ~ ~ R ~ U ~ A T W I ,  based on SAIL4H. 
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A ccrde~t  Cloiuey uen ce.~ mid IWi 

CVithout crediting mitigative controls, thc consequence to the Public is L o ~ ( l . 3 E - 1  rem) and the 

consequence to the Worker is ,440L)ERATE (1.3E-t-1 rem). These consequences, when combined 

with an A,v71(;1/~.4 TED frequency, rcsult in a risk C L . ~ '  I to thc Worker, and CL,~SS 111 risk to the 

Public. 

TABLE 6.2.1-1A. SUh'lMARY OF ACCIDENT SCENARIO 6.2.1.1 
SMALL FIRE -- CONTAINER C?O?-D&D-l) 

I 

Coiiihl,ustihie Chntroi 
Prograrn (Combustihie 
Matcrial arid Hot Work 
Controls) 

Co'optfuol set 

Tlic elenierits of the Combustible Control Program (Combustible Material and Hot Work 
.--_---___ 

Controls) are the preventive controls credited to reduce the risk to the Worker, These controls 

are not credited to reduce the frequency of the accident. However, by minimizing conibustible 

loading and potential ignition sources, the Combustible Control Program reduces the grobabi lity 

of a snialI fire. 

One mitigative control was crcdited to reduce the risk to the Worker: Confinement [(One 

tested stage) exhaust HEPA fiitration or static LPFJ. Confinement is judged to provide at a 

minimmi a dosc reduction fxtor of 90% (1,PF = 0.1 ). The MEPA filters are tested to 99.9% 



Building 707!707A DRIO Chapter 6: Accident Analysis 

efficiency so a dose reduction factor on the order of 99.9% is available (actual factor is a littlc 

I&zr to account for dose conversion factor differences 1. However, if active HEPA filtration is 

not available, a static LPF from the building of 0.1 is still considered available. ?'herefore, the 

dosc reduction credit taken in this scenario is at the lower cnd of the available credit. This 

control reduces the dosc to the Worker lo  LOW(^ .3E-N rem). This reduction in consequence 

decreases the risk to the Worker from CLASS to CLASS 111. No controls for the Public are 

neccssary to rcducc risk to CLASS I11 However, the controls selected for the Worker are 

considered to provide Defensive-in-Depth for the Public. 

While there are 110 defense-in-depth controls for the Worker for this scenario, it is noted that the 

prevention controls associated with the Combustible Control Program were credited because of 

the control selection rules (e.g.. prevcntioii bcfore mitigation) while the only control required to 

reduce the risk to the Worker is the building confinement. If the evaluation were performed 

&om tlie standpoint of identifying only the required controls. the credited prevcntion coiitrols for 

this sceimio can be considered defense-in-depth. Additionally, otlier controls are provided and 

avaj Iable through the Safety Management Programs, but are not credited for frequeiicy. nor 

conseyueiice, reduction. 

Uwudness 

This bounding scenasio, including the selected controls, encompass any localized small fires of 

several analyzed configurations involving druinis and crates. The following table provides the 

details of the scenarios aiidlyzed and deteiinined bounded by the accident presented above. 
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TABLE 6.2.1-1s. ACCIDENTS BOUNDED 5 Y  SCENARIO 6.2.1.1 
SMALL FIRE - CONT.4INER (707-D&D-I) 

707-2-2 Sniail Fire 111 a Glovebox 
1,OOOg Oxide in a glovebox 
707-KMD-2 Smal! Fire in a Glovehox 
1 ,OW& I-loldtii, in a glavebos 
707-5-1 Smali I'lenum Fire 
1,OOOg Ii~ld-tip in a Zone I Plenum 
70?-1)&1>-1a Sinal1 F i x  in Buiiding 

1.2GOg ili six drums @ 200g each 
70?-J.ND-L5 Small Airiock Fire 

rial I-fandlm 

- 
Secondary: 

SCjCEMRtc 

Without 
Prever; ttwi 

___I 

An ticioatcd NA 7.28-2 rem N A 
7 . 2 5 3  rem 
7 2E-3 rem 

NA 
N A 

N A 
NA 

St1 
Ill 

NA 9.4E.-2 rem NA ill .- 
W T  REUIJfRFD 4.28-2 rein 

4 AE-2 rem 
3.78-2 rrln 

Anticipated 
Anticipated 
Anticioated 

"4 
N A 
N i\ 

N A 
NA 
NA 

VOKKWR 
07-1-2 Anricipated Anticipated" If <ONE IDENTIPIED 7.1 13-0 rem ?. i E-irent III I'HEVtiRl'FlO" 

Con?t~usfihJe Conirol 
I'rogam (Combustible 
Material and Hot 14'ork 
Controls) 

MI'~~:<;.4.I103: 

Coriliiienirnt [(One tested 
stagej exhaust HEPA 

i filtration or static 1BF I 
Aiiticipa:ed 
Anticipated 

N A 
NA 

7.JF51 rem 
7.1 E-1 rein 

Nil 
N ,4 

9.4E-1 rem 
. .~ 

Anticipated* 

NA 
N A 
N A = 

IT1 
111 
ISI 

Anticipated 
Anticipated 
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6.2.1.2 MEDIUM F ~ R E  - CON'LWERS (707-DlkD-3) 

This scenario involves the release of radioactive material causcd by a medium f'ire originating 

inside Building 707; because of pyrophoric materials, size reduction activities, or other ignition 

sources such as electrical equipment, maintenance, or closure activities taking place in the 

facility. Relevant dctails, assumptions, and paranieters of the scenario are discussed in the 

follou7ing paragraphs and summarized in Table 6.2.1-2~. 

Seemi rio Description 

This scenario is postulated to initiate as a small fire ainoiig diuiiis and crates, but the fire impacts 

additional inventory because of failure to adhere to the Combustible ConlTol Prograni. Medium 

fires are assumed to iiivolve more than only pyrophoric inaterials in containers. 

The dominant cause or initiator for this scenario includes improper hot work, equipnielit 

malfiinction (e.g., electrical shoi-t, overlieat) or improperly operated or degraded electrical 

equipment, power supplies, or electrical power cords. Another possible initiator is an exotliermic 

clicmical reaction froni incompatible container contents. 

.4 cth ities 

A medium container fire could be initiated by any of the following primary activities: 1) 

Radioactive Waste Generation and J3andling; 2) Decommissioning-Decontani~iiate, Dismantle. 

and Demolish. Secondary activities involviiig Hazardous Material Haidling could also be 

initiators. 

In addition to the generic assumnptions listed at the beginning of Section 6.2, the following 

additioiial assumptions were also applied to this accident scenario: 

* Using RADIDOSE (Ref. 6- 1 I), the scenario was modeled as a medium, non-lofted fire, 

involving TRU wastc containers. 
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Per Sarah, a Mediunz Fi7.e is defined as a 5-MW fire large enough to actuate the suppression 
systeni and is then suppressed by the wet-pipe sprinkler system or the Fire Deyai-tment. 

Per SARAH, the Mectiuni Firz is expected to bum for 15 minutes and affects a single 
glovebox or up to 1 S drunis or 5 waste crates (refer to CAIX-R.FP-OO.l79G-DJI;, Ref. 6- 15). 

e DR is 100% for the wooden waste crate and 20% for the TRU waste drums. 

h4ateriul A t  Risk ('\lilK) 

'The MAR i s  assunied to be 2,500 grams of confined materials. 

Without crediting preventive controls, the fi-equency of a firc in a container i s  estimated to be 

AM77C:PATED, based on S u .  

Without crcditing initigativc controls, the consequence to the Public is Low (l.3E-1 rem) and 

M ~ D E K . ~ T E  (1.3 E-I rem) for the Worker. Thcsc consequences. when combined with an 

A v n u f . d m ~  frequency, resrrlt in a (,Li,%' IIIrisk to the Public and a CLh'slto the Worker. 
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TABLE 6.2.1-2.4. SUMMARY OF ACCIDENT SCENARIO 6.2.1.2 
i%i?EDIi.iM PIRE .--- CONTAIrVER (70 7-D&D-3) 

Medium fire involsiug drums and crates. 
MAR = 2.500 g { i crate (& 500 g and 10 dnims (4 200 g) 
EiTectlve MAR = 900 g ofcoi?fined inateriala (500 + 0.2 (io) (2.30)) 
Fire 
S i x  reduction activities or other ignitior! S O U F C ~ S  such a: equipment, inaintenancz hot work., or electrical rruitijnctions. 

Primary: Raiiioactive Waste Grnrraiion and Handling and r ) e c o n l m i s s i o n i u a - I c ~ n t ~ ~ ~ i i ~ ~ t ~ .  I.Sism3ntle, arid De~nolisb 
Secunda rv : 1-1 azwd ous Material Hand I i nz 

1 
J 111 PREVENTION: Fire Suppression 

Combustible Control 
Prc!gan 
(Combustible 
Material and Hot 
Work Cant-ols) 

Com-oI set 
The eleinents of the Combustible Control Program (Combustible Material and Hot Work 

Cotttrois) are the prcventive controls credited to reduce the risk to the Worker. These controls 

reduce the frequency of thc accident from A;~TKPA TED to UVLKELI., By minimizing 

combustible loading and potential ignition sources, the Combustible Control Program reduces 

tlie probability that a sniall fire propagates into a larger one. One mitigative control was credited 

to rcducc thc risk to the Worker: Confinement [(One tested stage) exhaust HEPA filtration 

or static LPF]. Confinement is typically judged to provide at a minimum a dose reduction 

factor of 9096. The HEPA filters are tested to 99.9% efficiency so a dose reduction lactor on the 

order of 99.9% is available (actual factor is a little lower to account for dose convcrsioii factor 

diffcrcnccs). Howcvcr, if active HEPA tiltration is not available. a static LPF from the building 

of 0.1 (dose reduction fxtor of 90%) is still considered available. Theretbre. the dose reduction 

credit taken 111 this scenario is at the lower end of'the available credit. This control reduces the 
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dose to the Worker to Low ( I  .4E+O rcni). This reduction in consequence decreases the Worker 

from  LASS I to CLASS 111, N o  controls for the Public are required to reducc risk to C71..4s,s /[I. 

However. the controls selected for the IVorker inlterenrly providc defense-in-depth to protect the 

Public. 

Defense In Deplh 

1 The identified defense-in-depth control for the Worker for this scenario is thc Fire Suppression 
d 

system. The Fire Suppressio11 system i s  credited in the larger fire scenarios as a preventive 

control to reduce xhe likelihood ofa medium fire growing into a large fire. Tt is noted that 

although thc preventive coiitrols, associated with the Combustible Contrc4 Progain, w-ere 

credited, the only control required to reduce the risk to the Public and the Worker was building 

confinement. If the evaluation were performed from the standpoint of identifying only the 

required coiitrols, the credited prevention controls for this scenario can be considered defense-in- 

depth. 

____I_ Nr ocrciness 

l'hi s bouiidiiig sceiiario, and the credited coiitrols. bound the following ,Medium Fire scenarios as 

analyzed in the PI-IA: 
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TABLE 6.2.1-28. ACCIDENTS BOUNDED BY SCENARIO 6.2.1.2 
i!gEDiUM Frm .-- ~tI.WMNZt2 (70 7-DhD-3j 

L'losurc activities, other ignition sources such a fsaiispoilatiorr eqiiipment, maintenance hrii work, or eieclrical maifuucnon. 

.(..........a_.... 

Antkipatcd 
Anticmared 
Anticipaied 

.4nticipated 

AnrictpatrJ 
Antrcipazed 

Anticipated 

N A 
NA 

Unlikely 

NA 
iini ikely 

Extremely 
i inl ikdy 

i AE-1 rem 
5.OE-2 rem 
1.2E-1 r m  

N A 
NA 
NA 

N A  
1.2E+O 

NA 

Ill 
I l l  
111 

III 

Comhustihle Cimtn4 
Program (Combustihlc 

:MateiYal and Hot 

Con finenlent [(One 
tested stage) exhaust 
IJEP.4 filtration or 

ire Suppression 

Scenario 707-D&D-16 is a Meditun Airlock fire which, according to SARAf-X, is considered 

CI,VTICPATED, This sccnario is postulated to occur in Room 1 84 which, under normal 

condition has (Case a) filtered ventilation and would be mitigated with Confinement I(0ne 

tested stage) exhaust HEPA filtration or static LFF]. *4s such, under normal conditions. this 
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scenario would result in Risk Class III with an C h ? L i / m , Y  frequcncy (due to the credit associated 

with the Combustible ControI Program) and a consequence reduction to 1.ZE-f-0 rein, 

However, Room 184 may be open to atmosphere during waste traiisfers at the dock (Case 11). and 

confinement cannot always be credited. Siiicc Room 184 is not considered a tizle !Lirlock (Case 

b), ‘3rd is not routinely used ‘as such, a fi-equency reduction credit is taken to achieve E x r m v E u  
b%LiKELY for the occasional unmitigated case to yicld Risk Class 111. 

‘This scenario involves the release of radioactive material via a large fjre (5  M W  to 10 MW) 

caused by not adhering to the Combustible C:ontrol Progmi <and an error in dnmi handling inside 

Building 707. Relevant details, assumptions, and parameters of the scenario are clisciissed in the 

following paragaptis and suniinarized in Table 6.2.1-3~. 

Scencr rio 1kscription 

This scenario is postulated to initiate as a small fire among druins and crates, but the fire impacts 

additional inventory due to failure to adhere to the Conibustible Control Program. In this 

scenario, thc fire propagates from one container to aiiotlier while growing in intensity. This large 

fire may iiivolve combustibles such as a stack of 3 1 wood pallets, or 10 rigid plastic drum liners, 

or 8 gallons of fl arn~nable or conibustible liquid, or 5 wooden waste crates plus 135 ft-‘ of 

ordimaiy combustibles, or 267 ft‘ of ordinary combustibles. 

In the event the fire propagates into the plenum. several systems are designed to provide 

non-creditcd safety functions (e.g., automatic activation of pleiium deluge system and securing 

recirculation i‘ans and valves 1. 

The dominant cause or initiator for tlGs scenario includes improper hot work. equipment 

malfunction (e.g.. clcctrical short, overheat) or improperly opcratcd or degraded electrical 

equipment, power supplies. or electxicd power cords. ,4nolher possible initiator is ai1 exothermic 

chern i cal reaction from incompatible container contents. 

Ariivifics 

A Ixge container fire could be initiated by any ofthe other smaller contaiiier fires or specifically: 
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1 ) Radioactive 'CVaste Generation and Handling; 2) DecorniTlissioninb.-Decontaminate, 

Dismantle, and Demolish. Secondary activities involving Hazardous Material I-Iandling could 

also be initiators. 

Assumptions 

In additioii to the gtmeric assumptions listed at tlie begiiming of Section 6.2, the following 

additional assumptions were also applied to this accident scenario: 

Using EUDIDOSF, (Ref. 6-1 1 ), the scenario was modeled as a large noli-lofted fire involving 
conlliiied materials. 

Per SARAH Task 19, a Large Fin? is defined as a 1 0-MW fire large eiiough to breach some 
structures, actuate the suppression system, (and is eventually suppressed by sprinklers. 

Per SARAH, the Large Five burns for 30 iiiinutcs arid affects the entire dispersible module 
inventory or up to 30 drums or 9 waste crates. This analysis coiisiders a MAR of 1 noii- 
standard wooden waste crate and 28 closed TRlJ drums at tlie nominal inventory. 

e DR is 20% for closed containers and 100% for wooden or open containers. A DR of 100% 
was applied to the hold-up. 

~?4(2fc?nb/ At Risk $WAR) 

The MAR is assuiiied to be 6,100 E, (1 crate @ 500-g of surface contamination and 28 TRU 

wastc drunis @, 300 p Pu). 

Wi t I x ~ t  crediting preventivc coiitrols, the frequency of a fire involving containers is estimated to 

be .hV"fPATED based on SARAI-I. 

A ccideii t C'onse y uen ces and Risk 

Without crediting mitigative controls, the consequence to the Public is MO~)EKATE (2.3E- 1 rem) 

and to thc Worker is ? J i m  (2.3E-t-1 rcm). These consequences, u71ien conibined with an 

ANTI( xlftmj) frequency, result in a C L A ~ V  Irisk to both, the Public the Workcr. 
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TAIBI,E 6.2.1-311. SUMMARY OF ACCIDENT SCENARIO 6.2.1.3 
LARGE FIRE --- CONTAINERS (707-D&D-5) 

MlTJGAROh : 
Confinement [(One 

tcsred stage) 
exhaust ZIEPA 
jiltrxioi? or sratic 
LPF] 

The preventive coiitrols credited to reduce the risk to the Worker are the elements of the 

Combustible Control Program (Clombustibie Material and Hot Work Controls) and the 

Fire Suppression System. These coiitrols reduce the frequency of the accident from 

ANTYIPATED to EXTRE~VELI' U\XKEI- Y (one frequency bin for thc Combustible Control Progmm 

axid oiic frequency bin for the Fire Suppression System). The Combustible Control Prograni and 

the Fire Suppression System both reduce the probability that a fire propagates into a larger one. 

C'ombined with a MO/)ERA YE consequence, this rcduclion in frequency decreases the risk to the 

Worker from C/AS I to ILLY,~ Ill: 

Oiic mitigative control was creditcd to reduce the risk to the Worker: Canfixrement {(One 

tested stage) exhaust WEPA filtration or static LPF]. Confinement is typically judged to 

provide at a minimuin a dosc reduction factor of 90% 'The HEPA filtcrs art: tested to 99.9O% 

cfflcicncy so a dose reduction factor on the order of 99.% is available (actual factor is a little 

lower to account for dosc conversion factor differences). However, if activc HEPA filtration is 
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not available. a static LPF fi-om the building of 0,l (dose reduction factor of900io) is still 

considered available. Therefore, the dose reduction credit taken in this sccnario is at thc lower 

end of the available credit. This control reduces the dose to the Worlcer to Low (2.3E-1-0 rem). 

‘This reduction in consequence, combined with the frequency reduction, decreases the Workcr 

from CLAS.~ I to CLA.SS IV. No preventive or mitigative controls for the Public are necessary 

because the unmitigated risk is CL,~SSIX However, any controls credited for the Worker are 

considered defeiisc-in-depth for the Public for reducing the risk to the Public. 

In add; tion to the credited controls specified in the previous paragraphs, Plenum Deluge 

(manually activated) is also available to prevent or mitigate this accident for the Public and the 

Worker as discussed below. 

The Pleiiuin Deluge System does not Iiave a direct impact on the dose, but it permits crediting 

the HEPA filtration systeni. If hot gases or embers were to be drawn into the ventiiation pleiiuni, 

the plenuni deluge system would cool or extinguish the influent and protect the downstream 

KEQA filters. Although this system operates automatically, the manual function, upstream ofthe 

demisters, is credited to provide the necessary protection to the HEPA filters. 

Rroadn ess 

This bounding scenario encompasses other similar events with siniilar MAR and Risk within the 

siibject locations for D&D activities, such as fires involving nietal waste crates or combiiiations 

of drums and crates. ‘l’lie controls credited in the Rounding Scenario are also applicable to 

reducing the ftisk Class for the following scenarios. The following table provides a sampling of 

accident scenarios bounded by the above. 
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Scenario 707-D&D-17 is a Large Airlock fire which, according to SARAH, is considered 

ANT’(,‘/PA TED. ‘I‘his scenario is postulated to occur in Room 1 84 which, under normal 

condition has (Case a) filtered ventilation and would be mi ligated with Confinement I(0ne 

tested stage) exhaust HEPA fiftration or static LPF] . As such, under nonnal conditions, this 

scenario would result in risk Class IJ’with an UAXIKELY frequency (due to the credit associated 

with the Combustible Control Program} and a consequence reduction to 1 hE+O rem. 

However, Room 154 may bc open to atmospliere during wastc transfers at the dock (Case b), and 

coiifineinent cannot always bz credited. Since Room 184 is not considered a truc Airlock (Case 

b), and is not routinely uscd as such, a frequency reduction credit is taken to achieve Extremely 

LJnlikcly for the occasional unmitigated case to achieve risk CLASS111 to thc Worker. 

6.2.1.4 MAJOR Poor, FIRE (707-D&D-7A) 

This scenario involves the release of radioactive material caused by a niajor fire (greater than 

1 0  MW), impacting a ?‘KtJ waste di-uni storage a m y  in Building 707. Relevant details, 

assumptions, and parameters oi‘ the scenaT.jo are discussed in the following paragmphs and 

suinmarized in Table 6.2.1-41. 

.__ Sceizario Description 

A major pool fire could result from breaching a 55-gallon “bung” drum containing combustible 

liquids with a resulting pool forming in, and around, a TRU waste drum storage a m y  coincident 

with any of the previously identified D&D fires inside Building 707. This scenario assumes the 

elements of the Conibustible Control Program are not adhered to and the Fire Suppression 

System Fails to h i t  the size of the fire. A major pool fire is assuincd to have sufficient intensity 

to breach ‘I’RU w7aste drums and expel waste inventory from drums. Other drums experience lid 

loss witli no resultant expulsion of contaiiier contents. The balance of the drum iiiventory 

involved in the pool tire is assumed to experience seal damage. This scenario can potentially 

occur in any area within Building 707 where TRU waste drums may be stored in the vacinity of 

55-gallon “bung” drunis. The resultant pool is assumed to form around the waste drums, 

allowing for total drum engulfirient in the fire. Details regarding the model are delineated in the 

.4.ssuur~~1tioris subsection. 
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In the event a fire propagates into the plenum, several systenis are designed to provide lion- 

credited safety functions (e.g., automatic activation of the plenuni deluge system and securing 

the recirculation fans and valves). 

The dominant cause or initiator for this sccnario is malfunction of, or improper operation o€, 

electrical or thennal equipment that initiates a fire within a TRU waste drum storage area 

coincident with a breach of a 55-gallon “bung” drum containing flarnmable/combustible liquids 

and concull-exit failure of: 1) the Combustible Control Program; and 2) the building fire 

suppression system. 

A major pool fire could be initiated by any ofthe other fires or specifically: 1) Radioactive 

Waste Generation and Wmdiing; 2) Uecommissioiling-Leconta~~inate, Dismantle, and 

Demolish. Secondary activities involving Hazardous Material Handling could also be initiators. 

In addition to the geneiic assumptions listed at the beginning of Section 6.2, the following 

additional assumptions were also applied to this accident scenario: 

e Using RADIDOSE (Ref. 6-1 I), the scenario was inodeled as a major non-lofted fire 
involving unconfined non-conibustible surkces, confined materials, and powders. 

* The fire is assumed to propagate from a sniall fire to a major fire tlmugh concurrent failures 
of the Combustible Control Program, and the building sprinkler system. 

Per SARAH, A 124ajor Fire is defined as a fire that bums out of control with no eEective 
suppression. 

Per SARAH, a Major Five reaches flashover conditions and is expected to burn for 
60 minutes or more. 

Per S A M  Task 19 the following Damage Ratios are assumed: 

1 .  25% of the engulfed dmms experience lid loss with 33O41 (DR = 0.33) of the waste 
material ejected from the drum (ix., unconfined-combustible material). 

2. Material remaining in drums suffering lid loss with expulsion (DR = 0.67) is modeled as 
confined-combustible material. 
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3. The balance of the engulfed drum (Le.. 75%) are assigiied a DR of0.50 and modeled as 
con tined-comkustible material. 

4. 30% of the drums iiiipiiiged by the i l a m  front (i.e.. on the periphery of the pool) 
experience lid loss with a DR of 1 .O and modeled as contined-combustibl~ material. 

5. The balance of the impinged drums (k, 70%? are assigned a DR of0.70 aid modeled as 
contined-coni busti b I e material, 

A4ufevii.d .At Risk ( M 4 R )  

? The MAR is 6,850 g (33 TRU waste dmnis @ 200 g Pu and 1 TR'LI waste drum {i 250 g Pu), 2 :  

Thc initiator frequency alone for a firc is d 4 ~ ~ ~ ~ ~ ~ ~ ' f 1  T:L). based on engineering judgment and 

historical occurremxs of this size of lire within the I>( )E complex. However, the only way fbr a 

nia-jor lire to occur would be prolonged prograinmatic hilures of tlie Combustible Control 

Prctgrm and the Fire Suppression System. If these two controls are in place, a fire may still 

occur; but the inagnitude of the fire would be imch less aiid would be similar in frequency and 

consequence to the previously analyzed fire scenarios. Therefore, the frequency for a major fire 

is estimated to be Uh:,!,fKk/ 1'. 

Accident Cmtstluwnces und Risk 

U'ithout crediting mitigative controls, the consequence to the $ubiic is ,Uommm and to the 

Worlier is Hrc;rr (1.5 E+O rem and 1 .E+-2 rem. respcctivcly). Tliese consequences, when 

combined with an lhJ/ IKH,I frequency, result in a CI,,I.YX // risk to the Public and C'~.ilssX to the 

Worker. 
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TABLE 6.2.1-4A. SUMMARY OF ACCIDENT SCElCrARTO 6.2.1.4 
LMAJOR FIRE --- MAJOU POOL FIRE (707-0&0-7,.1) 

Clonn.ol Set 

'l'lie prevcntive controls credited to reduce the risk to thc Public and Worker are the 

Combustible Control Program (Combustible Material and Hot Work Controls) and the 

Fire Suppression System. These controls reduce the frequency of tlie accident from U/VL~KELY 

ro E. ' .na~xrmy ~LVLKEL Y,  The Conibustible Controt Program aiid the Fire Suppression System 

reduce the probability that a tire propagates into a largcr one, Unlike the large fires desciibed in 

the previous two sections, only a one bin frequency reduction is assumed for the major lire. This 

is hecause the estimatcd frequency without prcvention already has a built in assumption of il 

pa-tial failure of some of the credited controls. Therefore, it is considered appropriate to limit 
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the fiequcncy reduction from these controls to one bin. With an ExrmiwxI.’ L h m s ~ ~ ,  Y frequency 

and a MODEXATE dose, the risk to the Public is L%AS.S I l l ,  

One mitigative control was credited to reduce the risk to the Worker: Confinement [(One 

tested stage) exhaust NEPA fiitration or static LPF]. Confinenlent i s  judged to provide at a 

niiiiiiiiuin a dose reductioii factor of 90% (LPF--:O. 1 ). The HEPA filters arc tested to 99.9% 

efficiency so a dose redilction fdctor on the Order of99.90;0 is available (actual factor is a littie 

lower to account for dose convcrsioii factor differences). Howcvcr, if active WEPA filtration is 

not available, a static LPF from the building of 0.1 (dose reduction Iactor of 90%) is still 

considered available. Therefore, the dose reduction credit taken iii this scenario is at the lower 

end ofthe available credit. ’I‘hk control reduces the dose to the Worker to hloL)ER.ITE 

(1 .SE+1 rem). This reduction in consequence decreases the risk to the Worker to C/A,S 1.1. 

It should be noted that although preventive controls are not typically credited for consequence 

reduction, the specific combustible control credited for the Worker is the FHA rcquirement to 

segregate “bulk” flammable/cornbustible liquid wastes from other waste fornls. Additionally, 

the Fire Protection SMP limits the Pu content of flai~ab1e:‘cornbustible liquids stored in 5s- 

gallon “bung” drums to 5 I milligram per liter. With the FHA imposed segregation requirement, 

coupled with the allowable Pu coiitent; a major pool fire, assuming one breached ”bung” drum 

would involve 0.132 grams of Pu with prevented/unniitigated consequence of 2.32-1 rem to the 

Worker. 
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In addition to the credited coiitrols specified in the previous paragraphs, Plenum Ileluge 

(manually activated) is also available to prevent or mitigate this accident for the Public and the 

MToskes as discussed belotti. 

Confinement [(One tested stage) exhaust HEPA filtration or static LPF] provides a dose 

reduction factor but the dose reduction is not credited u711en considered a Defense in Depth 

Control. If active cskaust I II'PA filtration is available. a dose reduction factor of up to 90.9% 

(actual factor is a little lower to account for dose conversion factor differences) is available. 'Ihis 

is the staiictard to which X IEPA filters are tested. Should active lIEPA filtration not be available. 

a static LPF is available. A dose reduction factor of 90% is considered reasonable for a static 

LPF (X..PF=O. 1 ). The Plenum Deluge System does not ha\je a direct impact on the dose, but it 

g 
2 

r-1  
? 1 permits crediting the HEPA filtration system in the case for the Worker. If hot gases or einbers 2 

u7cre to be drawn into the ventilation plcnuin, the plenum deluge system rvouild cool or 

extinguish the iiiflucnt and protect thc downstream € tEPA filters. Although this system operates 

automatically, the manual fiiiiction, upstream of the demisters. is credited to provide the 

necessary protection to thc HEPA filters. 

Broadness 

This hounding scenario encompasses other similar events with similar MAR and Risk within the 

subject locations for I)&D activities. such as fires involving metal waste crates or combinations 

of drums lvld crates. The following table provides a sampling of' accident scenarios bounded by 

the above. 
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TABLE 6.2.1 -4B. ACCIDENTS BOUNDED BY SCENAKIO 6.2.1.4 
MAJOR FIRE - I W ~ ~ ~ ~  POOL FIRE (707-DLeD-7A) 

Un l i kely 

UEll?iCI>~ 
’ 

N A 

N tz 

1r 

111 

1 

Ui 

I .  C:ori?l?ustible 
Con&roI Program 

Materiat and (-lot 

2. Fire Suppression 
! 
Mrr i<i.4’rmx : 
Coli linemen t {(One 
tested stage) exhaust 
HfY.4 filtration or 
static LPPl 

6.2.2 Spills 

The hazard analysis process identified nuinerous scenarios involving spil Is of radioactive 

materials. This subsection presents analyses of one scenario within the Building 707 Complex. 

0 SPILL - Contaiiier Spill Inside Building (707-6-13) 

6.2.2. i SPILL --. CONTAINER SPILL INSIDE BUILDING (707-6-13) 

This loss oi‘containinenticorifinen~e~~t scenario involves dropping a 10-gallon druni during 

material transfer activities in Building 707, resulting in an energetic release o f  radioactive 

material, Relevant details, assumptions, and parameters of the scenario are discussed in the 

following paragraphs and summarized in Table 6.2.2-1 A. 
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Scerz u t-io Descrip f ion 

This scenario is postulated to involve onc IO-gallon drum containing Pu Oxide. For this 

scenario, it is postulated that during D&D activities, a 10-gallon drum is dropped or breached 

during niatcrial transfer activities. The da1nage:’breach is assumed to spill the entire contents of 

onc of the 8801 cans in thc 10-gallon drum. 

Ac fivifies 

Dropping a 1 0-gallon driini during material transfer activities could be initiated by any ofthe 

following primary activities: 1)  Radioactive Waste Generation and Handling; 2) 

Decommissioning-neco~itaminate, Dismantle, and Demolish. Secondary activities involving 

Hazardous Materjal Handling could also be initiators. 

Assurnpiions 

111 addition to the generic assumptions listed at the beginning of Section 6.2. the following 

additional assumptions were also applied to this accident scenario: 

0 Using RADIDOSE, the scenario was modeled as spill involving powder 

8 No collateral damage is assumed to occiu-, per SARAH. 

0 Release duration is 10 minutes. based on SAKM. 

A4a,t~rial At Risk (2kL4R) 

The total MAR is estimated at 2,000 g ofPu Oxide in one 8801 can inside a 10-gallon drum. 

Accidtvtt Freqwncv 

Without crediting preventive controls, the frequency of a spill from dropping a IO-gallon drum is 

r l . w m ? J A  TED, based on engineering judgment and historical occurrences of this type of spill 

within the DOE complex. 

.4cri&ni Consqtrences and Risk 

Without crediting mitigative controls. the consequence to the Public is LcW (1.4E-1 rem) and the 

consequence to the Worker is hfCIiXRATE (1.4E+1 rein) resulting in a CLAl%1[JIrisk to the Public 

and a CLASSI risk to the Worker. 
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TABLE 6.2.2-1 A. SUMMARY OF ACCIDENT SCENA4Ri0 6.2.2.1 
SPILL --- CONTALVER $PML h W D E  3 C I I I ; D I I v G '  (7O?-6-13) 

No controls for the Public are necessary because the unmitigated risk is CLASS fff. One 

mitigative control was credited to reduce the risk to the Worker: Confinement ](One tested 

stage) exhaust WEPA filtration or static LPF]. Confinement is judged to provide at a 

minirnum a dose reduction Factor of90041 (LPF=O.l). The HEPA4 filters are tested to 99.9% 

efficiency so a dose reduction factor on the order of 99.9% is available (actual factor is a little 

Iowzr to account for dose conversion factor diffcrences). 1-1 owever, if active HEPA filtration is 

not available, a static LPF from the building of 0.1 (dose reduction Factor of 9096) is still 

considered available. Thereforc, the dose reduction credit taken in this sccnario is at the lower 

end of the available credit. Tbis control reduces the dose to tlie Worker to Low (1.4E+0 rem). 

This reduction in consequence decreases the risk to the Worker to CLAYS XI1 

-̂  Defense In Depth 

Since no controls are required to reduce the risk for the Public, no defense-in-depth controls are 

identified for this scenario. Although this sceiiario requires a mitigative control to reduce the 

risk to the Worker to Chs.s III, this scenario involves purely human error in dropping the 10- 

gallon drum arid initiating the accident. ils such, no defense-in-depth controls can be identified. 
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R Y O ( h ~ . Y : s s  

This scenario, and its credited control, represents the bounding spill event analyzed in the PHA. 

The following everits are bounded by Illis sceriarju: 
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TABLE 6.2.2-113. ACCIDENTS BOUNDED BY SCENA-RIO 6.2.2.1 

Lf 

iecoadarv: I laaaidous Mateiml Handlm_s 

qirantified. 
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6.2.3 Explosions 

The ha~ard analysis process idcntified numeroils scenarios involving explosions that either 

directly or indirectly resulted in releases of radioactive materials. Although some of the 

scenarios could also be classified as spills or fires, they are included in the E X I ~ L O S X ~ S  category. 

baszd 011 their release mechanism. This subsection presents an analysis of a scenario that 

addresses explosions within the Building 707 Complex: 

0 EXPI. (.)sIO?\I MODULE VAPOR CLOUD (707-DcY~D-9). 

6.2.3.1 EXPLOSION - M { m m  VAPOR CLOUD (707-DStD-9) 

This scenario involvcs the release of radioactive material caused by a vapor cloud explosion on 

the first floor of Building 707. Relevant details, assumptions, and parameters of the scenario are 

discussed in the following paragraphs and summarized iii 'Table 6.2.3-IA. 

Scenur.ia I3escvipfion 

Hot work will be routincly conducted for closure activities in Building 707. In order to perform 

such tasks, flain~nahle!'explosive gas (e.g., acetylene) cylinders will be required. If the contents 

of these cylinders are accidentally released, there is a potential for a flammable vapor cloud. or 

vapor-jet explosion. An explosion would initiate a pressure pulse in the room and could 

potentially breach containers or gloveboxes. In addi tion, depending upon the location of the 

explosion. there may be sufficient force to inipact the ventilation system ducting. There are a 

variety of locations where this scenario could occur. For this scenario, flamable/explosive gas 

is slowly released from a failed tmkjcylinder in a h4odule allowing a vapor cloud to form. The 

resultant release is of sufficient concentration to cause a vapor cloud explosion to occur given an 

ignition sourcc (Le., subsequent hotwork in the module). 

The dominant cause or initiator for this scenario is a leak (e.g., cylinderkink regulator 

nozzleivalve failure) of a flmniable/explosive gas cylindcr that generates a vapor cloud that is 

ignited to create an explosion. 
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Activities 

A vapor-cloud explosion could be initiated by activities as part of General Facility Operations, 

Hazardous Material Handling, Radioactive Waste Generation and Haiiciling, aid 

Decoiniiiissioning Activities. 

Afssllrtiptloils 

In addition to the generic assumptions listed at the beginning oi‘Sectioii 6.& the following 

additional assumptions were also applied to this accident scenario: 

Vapor cloud explosions resulting in overpressures greater than 1 pound per square inch are 
sufficient to breach containers or con fi n ements. 

0 []sing IiADIDOSE {Ref. 6-1 I), the scenario was modeled as a spill of unconfined non- 
combustible surfxes. 

The release duration of the explosion is 10 minutes (per the default value in SAR4I-T used to 
bound the analysis results). 

DR is is 100% for “loose” surface contaniiiiation and 10% for “fixed” contaniination. Due to 
previous Duct Remediation activities. 30% of the measured hold-up is assumed to be ”loose” 
and 70% ‘“irxed“ surface contamination. A DR of 100% is assumed for the 8801 can. 

Muterial At Risk (MAR) 

The MAR for this scenario is assunied to be 8.000 g, based upon the maximum estimated holdup 

(7,000 g) in the most at risk module due to total room volume, and 1,000 g of plutonium powder 

in an 8801 can inside of a glovebox. 

ilrcidmt Fnquencv 

Without crediting prcventive controls, the frequency of a pressurized cylinder regulator 

~ioz71e/s~alvc failure is lilVLlKELY, based on Shlt4H. Slow leaks from a gas cylindcr are nc 

postulated to cause this scenario becausc over time, a slow leak will disperse (aided by the 

ventilation system), and the concentration of the resulting cloud will not be sufficient to rcsuIt in 

ail cxplosion. The conditional probability of this type of explosion is €actored into the frequency 

detci-niiaation in accordance with SARAH. 
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Witkoui crediting mitigdtive controls, the consequence to the Public is Low’ (3.8fi-1 rem) a id  to 

the Worker is HGY (3.8 El-l rcm). These consequences. when combined with ai ~?VLXELLI’ 

frequency, result in a C~,.IS Irisk to the Worker and C;,xiLs I l l  risk to the Public. 

3.8 E-i rem 
High 

3 8 E+1 rein 

%I preventive, or mitigdtive, controls are required to redrrcc tlic Risk Class ofthis scenario t c ~  ifie 

I*ublic. Ho~vever, both prcveative and mitigative controls are required to reduce the risk to the 

Worker. (->ne mitigative control credited in other accidcnt scenarios, to reduce the risk to the 

Worker, is available: Confinement [(One tested stage) exhaust WEPA filtration or static 

LPF]. Gonfii~emeiit is judged to provide at a minimum a dose reduction factor of 90% 

(1 Pt;=O. I). The I-f I‘PA filtcrs arc tested to 99.C)Oh efiiciency so a dose reduction factor on the 

ordcr of 9(3.9’!/0 is available (actual factor i s  a little lower to account for dose conversion factor 

differcricesj. 1 iowcver. if‘ active 1 XEPR filtration is iiot available, a static LPF fmm the building 

do. 1 (dose reduction factor of 90%) is still considered available. Therefore, the dose reduction 
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credit taken in this scenario is at the lower end of the available credit. This control reduces the 

I dose to the worker to ~ o w ( 3 . 8  I:+O rem>. 2 
A preventive control is also available <and involves flsmmable/expIosive gas control. The 

flaninia~~le:explosjvc gas control limits the type and volume of h m n d b k  gasses allowed to be 

stored in areas vuliierablc to vapor cloud explosion accidents. The flammabldexplosive gas 

ciintroi combined with lhz amditioiial probability that a leak C T O ~  a flammableiexplosive gas 

cylinder results in an explosion cue qualitatively estimated to reduce the frequency OF this event 

tirorn L ~ X X - E L I  to EII'HF,AIES if t l v L f K E L r  With an E.u'RE~wI. I' Zlvi&w' frequency and a 1 . o ~  

consequence, the risk to the W-orker is reduced to CL 4 s ~  IT< 

As mentioned in the assumptions, room vo~uinc is the primmy consideration for determining the 

affects of a vapor cloud explosion. Room voltrrries allon4ng overpressures in excess of one 

pound per square foot (1 psi) results in damage to confiiiernents and building structures 

depending 0x1 the t7aii~mahl2/e~plosive gas in use. 

111 the case ofpropane, cylinders containing greater than. (31- equal to, 1 pound can yield 

overpressures in excess of I psi if ;t vapor cloud w7ere to be fcmied (Ref. 6-31. 'i'lherefore. use of 

arty other flammahle/exploshe gas besides acetylene in the €a&@ would be allowed t d y  

via the USQP process. 

For acetylene, the limit would he 130 cubic feet for roomdmodules in the facility with volumes 

less than 1 I0,OOO cubic feet. Based upon hold-up measurements, and room volume. P; module 

represents the higliest risk arm withiii the facility. As such, usdstorage of acetylene in K 

module is limited to 48 cubic feet. A vapor cloud explosion iiivolving less than or equal to 48 

cubic feet of acetylene will not yield an overpressure greater than 1 psi and can not compromise 

the integrity of waste conlainers, gloveboxes, Zone I ducting, and/or chainveyors (Ref. 6-3). 

No storage control is required for lecture bottles (< 2 cubic feet at ST1>>, regardless of the type of 

" cas. 

__I-. llefi?p?se Tp? Del3tlz 

Nrr dcfensc in depth controls to mitigate the accident fix the Public and the Worker arc required 

i j r  this scenario. Howe.ver, the controls credited for tlic Worker cue considered defense-in-depth 

for the Public. No defense-in-dcpth contrds are identified for the Worker. 
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TABLE 6.2.3-1 B. ACCIDENTS BOUNDED BY SCENARIO 6.2.3.1 
EXPL OSlON - MODULE VA POk-CLU~?D (707-D&D-Y) 

707-DBJ>-'JA Esplosion -Module Turbulent Jel 
i,00Og holdup 
?0?-5-? 
,OW:) g Wleriuin hold-uplj 

V7-IJSQD-2 
1.000g (3.00Og in coniponent in trruisic through 718) 
?O?-I.>&D-8 Container 
!S0g ( I  ouerpacked waste drunij 
707-2-7 
!50g ( I  ovt.ip:ickc:d wwte drum) 
:0?-2-7A 
,WJg (recovered Pu hold-up) 
107-3-1 1 
!?0g i l  overpacked wmte drum) 
'07-3-1 1 A 
,000g (recovered Pu hold-up) 
:ire 
,losure activities, or other ignitjoii sources such as Iraiisportation equjpment. mainlenance hot work, or electrical malfunction. 

Explasion -. 2"" Floor Turbulent Jet 

Building 778 Explvsion - '!'urbulent Jet 

I-lydrogen Deilagration in a Dnini 

f-ipdrogeii T;etlagrarion in a I0-C.hJlon r h n i  

Hydrogen Deflagration - Dmm on Dock 

Hydrogen Deflagatioii - iO-(ialion Druni on Dock 

'rimary: Radioactive Waste Generation and Handling and Decoinmissioning-Deconlaminale, Dismantle, ani1 Demolish 
alardous Mal 

v Mibgatret 

111 
1 Ji 

PUBLIC 
4.88-2 rem 
i.2E-2 rein 
4 SE-2 rem 
I .2E,-2 rem 

1 . X - 1  rem 
1.251 rein 
1 .?&I rem 

1 .2E-i rein 

NA 
NA 

Ilniikeig 
TJnliJiely 

NA 
NA 

7 0 7 - ~ & ~ - 9 . 4  
707-5-7 

I11 
Jl! 

N A 
N i l  

Unlikely 
Unlikely 
\Inlikely 
UniikcJy 

N A. 
NA 
NA 

707-USQD-2 
70?-D&D-8 
707-2-7 
707-2-7A 

Nil 
NA 

1 Ji 
I11 
JIi 
JIi 

N A 
NA 
N A 707-3-1 1 A 

1iI 
111 

1.8E+O rem 
I.2E+O rem 
1.8E-i.0 rem 
I .2E+Ore111 
I .2E+ I rein 

NA 
N A 
N A 
N A 

Unlikely 
tinlikely 

IJni i kely 
IlnJikel\.; 

Ilnl1l;elp 
1II 
1J 

I1 Extremely 
Unlikely 

Confinement [(One 
i tcsted stage) exhaust 
'HEPA filtration or 

I .2WJ i-em 1.2E4-l rein I1 107-3-11 

T07-3-1 i 4 Ik l i  kel !: 1.7E+I rein I1 I .?E+ J rein 
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6.2.4 Inadvertent Nuclear Criticalities 

The hazard analysis process identified scenarios involving inadvertent nuclear criticalities that 

resulted in releases of iiitcnse ganmia and neutron radiation and radioactive fission product 

inalerials. The dose from a criticality event is fiom a prompt dose (also referred to as shine) and 

a glume dose. The prompt dosc is controlled as it passes through air, concrete, or other 

obstructions. The plume dose is comprised of contributions from particulates and noble gases. 

The particulate coniponent of the plume dose can be coiitrollcd by HEPA filtration and the 

building LPF. The noble gas component of the plume dose is unafkcted by HEPA filtration or 

the building LPF. Depending upon the type of inaterial involved and the presence of water or 

oils, the consequences associated with a criticality event Mi'er. Water and/or oil serve as a 

reflcctor and moderator reducing the quantity of material required for a criticality and increases 

the number of fissions. 

This section presents analyses of the bounding scenario that addresses a possible criticality 

scenario within the Building 707 Complex: 

CRITJCALJTY --- OIL MODERATED METAL (707-n&n- 13) 

6.2.4.1 CKITICAI,L'I'Y --. OK, MODERATED METAL (707-D&D-13) 

This scenario involves the release of intense ganmia and ncutron radiation and radioactive 

material from an inadvertent nuclear criticality involving a glovebox containing plutonium metal 

material suspended iii oils recovered from machining equipment, Relevant details, assumptions, 

and parameters oi' the scenario are discussed in thc following paragraphs and summarized in 

Table 6.2.4-1~. 

This scenario is postulated to occur because of an oil moderated criticality event involving 

plutonium metal fines suspended in recovered machining oils in a glovebox. The dominant 

initiator for this scenario is multiple material and haiidling errors resulting in a failure to meet the 

glovebox CSOLs. 
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An oi 1 moderated criticality could be initiated by Radioactive Waste Generation and Handling 

activities. 

Assumptions 

1n addition to the generic assuniptioiis listed at the begiimiiig of Section 6.2, the following 

additional assumptions were also applied to this accident scenario: 

0 Using RADIDOSE (Kef, 6-1 I), the scenario was modeled as an oxide-coated metal, single 

spike criticality, This inodeling approach was chosen since little data exists regarding the 

fission yield of an oil-moderated criticality and ‘\xias considered appropriately conservative. 

0 The Iiuniber of fissions fbr an oil-moderated criticality is assumed to be 3.OE-i-17 fissions. 

8 The material is assunied to have the properties of standard WG Pu. 

The niass of material is not a factor in an oxide-coated metal criticality. The input variable for 

this scenario is expressed as the fission yield, 3.OE.t 17 fissions. 

Without crediting preventive controls, the frequency of an inadvertent nuclear criticality 

involving a solurion is A.wfc’/rJA TED, based on SAR4H. 

,4cciilenf Cortsepences crnd Risk 

\Virhout crediting mitiigativc controls, the dose consequence to the Public is LOK (S.3E-4 ran)  

and thc dose coiisequcnce to the Worker is L o a  (1.8Ei-0 rem). These consequences, when 

coinbined with an A,WXYP.~T~~D frequency, result in a C L A S S I I I ~ ~ S ~  to both the Public and the 

Worker, However, siricc a criticality can result in death or serious injury to the Immediate 

Worker, a RISE: CL.ASS I is assigned to the immediate Worker for any criticality accident. 
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TABLE 6.2.4-1A. SUMNAKE' OF ACCLDENT SCEbIAIKEO 6.2.4.1 
CRITICALITY- OIL MODEfbt TED METAL (707-D&D-I3) 

Cri;icality iiivolving oil covered plutonium fines Stored in a gl(jvebi)x. 
h~lulliple nlatcrial and handiing errors AXTI failure to meet CS0L.s. 

Primary: Rsdioactivc Wasie Generatior? slid Handiing 

Control Set 

The preventive control credited to reduce the risk to thc Immediate Worker is the Criticality 

Coritroi Program. The Ckiticality Control Program ensures that appropriate double- 

contingency requirements are met for every process ixivolving fissioaable material, to ensure tliat 

sufficient controls are in place such that at least two unlikely. independent, and concurrent 

changes in process conditions niust occur before a criticality accident is possible. Application of 

the double-contiiigcncy requirements as defined in the Criticality Control Program is 

qmlitativcly determined to reduce thc frequency of this event for the Worker from ANTrCPATED 

to U!VL/KE/!Y. 

One mitigative control credited to reduce the risk to the Inmediate Worker is Criticality 

Accident Alarm System (C,4AS evacuation caused by an emergency response). 'T'his control 

reduces the dose coilsequence to the Ixnrnediate Worker. 

The evacuation uf Facility Personnel (i .e., the Immediate Worker) will be initiated by 

notification via the C A M  alaiins. Upon detection of a criticality excursion, the CAAS notifies 

the Irnrnediate Worker of a need for immediate evacuation, thereby limiting the time of 

Revision 4 6-52 November 2 I ,  2002 



13uilding 707/707A DBIO Chapter 6:  Accident Analysis 

‘5: 
2 

There are no idenzified. nor required, defense in depth controls for this scenario for the 
Immediate Worker. I Ioivever, for the Worker. CAAS (evacuation notification) is credited for 
evacuating the 12-Rad Boundary and for alerting Workers. outside of the 1 2-Rad Boundary, of 
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This criticality scenario bounds the scenarios presented in the table below. 

TABLE 6.2.4-1s. ACCIDENTS BOUNDED BY SCENARCO 6.2.4.1 
CRITIC4LITY --- OIL MODERATED METrtL f707-D&0-13) 

C nttcality Dry Meld 

07 -2 -2 1 Anticipated N A 

N,4 

N A 

NA 

ial llandlin 
____I 

7 PE-6 !em 

High 

Nigh 

N A 

NA 

NA 

N .4 

N A 

NA 

6.2.5 Natural Phenomena and External Events 

In addition to the analysis of operational hazards and accidenls, an analysis of accidents resulting 

from Natural Pbenoiiieiia Hwards (hTHs) and EEs was also conducted for this DBIO. The 

evaluation-basis events analyzed relate to the facility’s designed capability and the analysis. 

based on definable and defcnsible MARS. The following NPH scenario was evaluated: 
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NATURAL PHENOMENA HAZARD - EARTHQUAKE (707-6-54) 

6.2.5. 1 NATURAL PHENOMENA HAZARD --- E.A~UYQUKE (707-6-54) 

'This scenario involves tlie release of radioactive material caused by structural damage to the 

Building 707 Coiiiplex from a seismic event. Relevaiit details, assumptions, and parameters of 

the scenario are discussed in  the following paragraphs and suininasized in Table 6.2.5-1. 

Sc~?iai-io Description 

This scenario is postulated to occur because of a scismic-induced failure of Building 707. Tlie 

seismic evaluation documented in RET-01 1-98, Building 707 Seismic Upgrii~i'e Evaluation 

(Ref. 6- 17), concluded that Building 707 would collapse at a surface acceleration of 0.1 0 g. In 

addition, a1 though this evaluation concludes that Building 707A is seismically qualified to 

withstand earthquakes up to 0.424 g. it also concluded that there is a 67% probability that, if 

Building 707 were to collapse, it would cause 25% to 75?4 damage to Building 707h. 

For this scenario. the earthcluake is assuined to inipact all support systems (e.g., electrical power, 

ventilation, HEPA filtration, and fire suppression) and cause damage to internal coniponents 

(e.g., piping. ducting, glovehoxes, drums. and contaiiiers). Therefore, active initigativc colitrols 

that could reduce the risk after the accident arc considered unavailable. 

r2lthough thc earthquakc is assumed to result in structural damage to Building 707/707,4. 

subsequent events such as lires, explosions, or eri ticalities are not inodclecl in this scenario but 

arc discussed senii-qua~ititatively at the end of this section. 

Tliere are no primary activities identified to initiate this accident. Iiowever, this accident would 

impact all activities that are taking place in the facility at the tinie of tlie event. 

dsmnzptioirs 

Tn addition to the generic assumptions listed a t  the beginning of Section 6.2, tlie following 

additional assuniptions wcre also applied to this accident sccnario: 

Usiiig M D D O S E  (Ref. 6-1 I), the scenario was modeled as a spill involving the entire 
dispersible inventory in Buildings 707 and ?07A, assuined to consist of confined niaterials 
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(in closed containers 1. oxides, and unconfined, non-combustible surfaces (as fixed and loose 
surface contamination). 

Release duvatiori is assumed to bc 10 minutes (per the default value in SARAH used i o  bound 
the analysis results). 

No other subsequent effects from fire, explosion, or criticalities are considered in this 
scenario. (These are discussed at the end of this subsection.) 

The h4AR is assumed to be comprised of the entire dispersible iiiventory in Buildings 707 
aiid 707A. 

* DIP is 100% for powders and loose surface contaniiiiation and 10% for material in closed 
containers and fixed smf‘(zce contamination. 

Miiiwial A [  Risk [h.I/1Hj __I__ 

The dispersible inventory in Buildings 707 and 707A is 68,000 g based on the following 

inventories assumed fkr this scenario (Note: The ,MAR contribution from Building 778 i s  

considered negligible and is iiol included): 

* Loose surface coiitamination: 16,000 g. 

Fixed surface contamination: 37.000 g 

Exposed oxides: 1,000 g. 

Contaiiied TRU: 14,000 g. 

Acciik~?t Frequency 

Tlie frequency of a seismic event capable of causing structural daniage to the Biiildiiig 707 

Complex is UNLIKELY, based on RET41 1-98, Buildiizg 707 Seismic C113g.rade Ewluutimt 

(Kef. 617). 

,4( ciifmt Co~iseq~4ences arid Risk 

Without crediting mitigative controls, the conscqucnce to the Public is MODERATE and to the 

Workcr is fIruL (6.OE- I rem and 6.0E-tl rem, respectively). These coiiscqucnces, when 

combined with an UVLIKELE’ frequency, result in a (CILASS IiTiisk to tlie Public and a CLASX I to the 

Wc.u-lier. 
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TABLE 6.2.5-1A. SZJRIRIARY OF ACCIDENT SCENAEtIO 6.2.5.1 
. A T L J M L  P€€E!VOME!VA ff4ZARD EARTHQUAKE (707-6-54) 

No preventive or mitigative controls can be credited to reduce the risk to the Public or the 

Worker; as such, this scenario will be further discussed in Section 6-5. 

There are no defense-in-depth controls identified for prevention or mitigatioii for the Public and 

the Worker. 

This bounding scenario encompasses additional events. 
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TAB1.X 6.2.5-1 B. ACCIDENTS BOUNDED BY SCENARIO 6.2.5.1 
A9 T U ~ L  PHENOMENA HAZARD - EARTHQLMKE (70 7-6-54) 

707-6-5 1, EE - Aircraft Crash, was considered bounded by the earthquake scenarios in that the 

frequency of occimence of an Aircraft Crash is EX~KEMEL Y Ul":LiKELY, and the resulting damage 

to th.e facility is postulated to .be the same or siinilar as that for tlie earthquake. As such, the 

consequelices were not analyzed. 

'Ihe following discussion introduces additional attributes and considerations to demonstrate that 

this sceiiario adequately erzcompasses this additional PMA event. 

This scenario was postulated to result from a 0.1 -E seismic event that impacts Building 707 

Based on the estimated return peiiods for these events, a 0-1  -g seismic event is Uhwmx. 

Seismically induced events (such as fires, explosions, and criticality) may acconipaiiy and/or 

follow the seismic event. Thc seismically induced events discussed in the fijllowing paragraphs 

are coiiservatively niodeled to occur during and following the earthquake, with no credit for the 

collapse of the structure (that could block the release of much of the assumed MAR). 
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Earthquake With Fire - IJI conjunction with a seismic event. there is a conditional probability 

that a fire will occur, although at a reduced frequency. In the past, the PHA identified two 

seismic events followed by fire. The bounding dosc from these events is postulated to rcsult 

from the earthquakc scenario described above and a small glovebox fire. The sinall glovebox 

fire is postulated to involve 1,000 g ofplutonium oxide as presented in Table 6.2.1 -IB. The 

consequences, when combined with an estimatcd CtVLIKELY frequency, results in Cussllrisk to 

the Puldic. and I L s s l  risk to the Worker. 

Earthquake With Criticality --- In conjunction with a seismic event. there is a conditional 

probability that a criticality will occur, although at a reduced fiequency. If the earthquake 

occurred concurrently with rhe oil moderated ciiticality sccnario discussed in this DBIO (707- 

U&D-13), the consequences to the Public would be kiomiofm and to the Worker wrould be 

HIGH. The consequenccs, whcn coinbincd witli an estimated EXTREMFJL Y L~VIJKELY fiequency, 

results in CLr,ss lll risk to the Public, and C%A.ssIIrisk to the Worker. 

6.2.6 Summary of Accident A4na€ysis 

A suinmczry of the frequencies, consequences. and risk classes for the preceding accident 

scenarios are presented in Table 6.2.6- 1 below. 

Kewsion 4 6-5 5, 



Budding 707/707A DBlO Chapter 6: Accideiit Analysis 

'IAf3LE 6.2.6-1. SUMMARY OF ACCIDENT ANA41-Y SIS 
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6.3 EiIGH-RISK SCENARIOS 

The high-risk sccnarios identified in thc accident analyses include scenario 6.2.4.1, Cai'KTCALIrY 

- 01L k~omRKATED k f E T A L  (?07-I?&D-13), scenario 6.2.5.1, NATURAL PI-IENOMENA HAZARI) -- 

EARTHQ~JA ICE (707-6-54). and AUKRAFT CR4SH(707-6-5 1 ). As identified in these scena~os,  no 

preventive or mitigative controls can be credited to reduce the risk to the receptor ofinterest. 

The Earthquake With Fire sceiiarrio bounds the EE -- AIRCRAFT CRASH scenario. in that the 

results will be the same or similar aid that no controls can be credited to reduce the risk. 

The only practical way to niinirnize the risk of thcse accidents is to reniove the I%AR from the 

ikcility and disinantle the facility (DGLD). Since this i s  the current mission of the facility, the risk 

of thesc scenarios should bc accepted, and decoinmissioiiiiig and demolition of Building 70? 

should continu c. 
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